This study aimed to evaluate the agronomic characteristics and nutritional value of Massai grass (Megathyrsus maximus 'Massai') pastures fertilized with different nitrogen levels and subjected to deferred grazing. A completely randomized experimental design (CRD) was adopted, with including five nitrogen levels (zero, 100, 200, 300, and 400 kg ha −1 ), and five replications (plots). The degradability trial used a CRD including a 6 × 5 factorial arrangement, consisting of six rumen-incubation times (6, 24, 48, 60, 84, and 96 h) and five levels of nitrogen in different plots. One fistulated sheep, with a live weight of 60 kg, was used in the experiment. Total herbage biomass, dead herbage biomass, and height showed a quadratic response to nitrogen fertilization levels of 100 to 200 kg ha -1 resulted in greater tillering. Protein and dry matter content increased linearly with nitrogen fertilization level, leading to increase in fibrous components. The increase in NDF and ADF contents might be a consequence of the reduction in NCE, and the high flowering rate of the grass, owing likely to the reduction in metabolism of the grass in an attempt to extend its lifetime. Nitrogen levels of 300 kg ha −1 or higher affected the productive characteristics positively, whereas the chemical characteristics were negatively affected. Key words: Deferred period. Degradability of dry matter. Megathyrsus. Nitrogen fertilization.
Introduction
Herbage is the main source of feed for ruminants, as it is a low-cost, high-quality product. However, one of the main obstacles in pasturebased production in Brazil is the marked rainfall seasonality in many regions, which leads to a lack of quality feed, and negatively affects production. In this scenario, alternatives to improve the availability of quality feedstuff in the period of scarcity need to be explored.
Preserving the forage harvested in the period of higher production for use during scarcity has been a successful alternative. Besides the predominant methods of hay-and silage-making, pasture deferment is another method of storing the surplus forage. Pasture deferment, also known as pasture "closure," is a management strategy that excludes certain areas of the pasture from grazing later use, with the aim of minimizing the effects of forage production seasonality (SANTOS et al., 2009a) .
However, this technique requires care during management, since several factors can lead to loss of nutritional value in forage crops. Owing to the negative correlation with the age of the plants, some loss in their nutritional value is inevitable. It is important to choose a species that adapts to the conditions of the dryland region in order to successfully manage the deferred pastures (EUCLIDES et al., 2007) . In addition, the species must produce thin, high leaf stalk/stem, and loss of nutritional value over time should be slow (SANTOS et al., 2010) . The use of nitrogen fertilizer at the beginning of the deferral period may be of fundamental importance for increasing forage production, ensuring that the plants retain vigor, and ensuring that their nutritional values do not reduce drastically during long deferral periods.
Nitrogen is considered one of the most important nutrients for the management and persistence of a pasture (FRANÇA et al., 2007) . Nitrogen fertilization increases growth rate and tissue renewal of plants, thereby increasing the carrying capacity of the pasture (SANTOS et al., 2009a) .
However, Santos et al. (2010) suggested that high levels of nitrogen should not be applied at the beginning of the deferral period, owing to the fact that an increase in plant growth rate and physiological maturity reduces nutritional value. In light of this question, the aim of the present study was to evaluate the effect of nitrogen on deferred pastures of Massai grass in order to establish a fertilization regime for ensuring good production and nutritional characteristics.
Material and Methods
The experiment was conducted in the . Liming was carried out using dolomitic limestone with the aim of increasing the saturation by base to 60%. Massai-grass plots were leveled to a height of 20 cm and closed for 121 days. Based on the soil analysis report (CANTARUTTI et al., 1999) , the plot was fertilized with 90 kg P 2 O 5 per hectare and 60 kg K 2 O per hectare using single superphosphate and potassium chloride, respectively. The phosphorus source was applied only once, when the experiment was started, whereas the potassium source was split into three applications of 20 kg K 2 O ha −1 together with the nitrogen levels. They were applied early in the morning, when milder temperatures minimized the loss of nitrogen due to volatilization. using dolomitic limestone with the aim of increasing the saturation by base to 60%. Massai-grass plots were leveled to a height of 20 cm and closed for 121 days. Based on the soil analysis report (CANTARUTTI et al., 1999) , the plot was fertilized with 90 kg P2O5 per hectare and 60 kg K2O per hectare using single superphosphate and potassium chloride, respectively. The phosphorus source was applied only once, when the experiment was started, whereas the potassium source was split into three applications of 20 kg K2O ha −1 together with the nitrogen levels. They were applied early in the morning, when milder temperatures minimized the loss of nitrogen due to volatilization. A completely randomized design (CRD) with five nitrogen levels (0, 100, 200, 300, and 400 kg ha −1 ) and five replications (plots) was used. Nitrogen was applied in the form of urea, split into three applications, the first being after the plot-leveling cut, and the others at every 30 days, to minimize the effect of loss by volatilization.
To evaluate productive characteristics, a square with an area of 0.25 m 2 , made by bending a PVC tube, was thrown over the plot five times, and the forage within it was cut 20 cm above the ground surface, according to the recommendations of Barbosa et al. (2010) . The live and dead tillers were counted. The harvested forage was separated into live and dead parts, and dried in a forced-air oven at 55 ºC for 72 h. After drying, the material was weighed and the total herbage biomass (THB), dead herbage biomass (DHB), and green herbage biomass (i.e., green leaves and stems; GHB) were quantified.
Pre-dried forage samples were used for determination of the dry matter (DM) and crude protein (CP), following the protocol of AOAC (2012) ) and five replications (plots) was used. Nitrogen was applied in the form of urea, split into three applications, the first being after the plot-leveling cut, and the others at every 30 days, to minimize the effect of loss by volatilization.
Pre-dried forage samples were used for determination of the dry matter (DM) and crude protein (CP), following the protocol of AOAC (2012), neutral detergent fiber (NDF), according to the methodology of Van Soest et al. (1991) , and acid detergent fiber (ADF) and lignin, according to the methodology of Van Soest (1963) .
Dry matter degradability was estimated in situ, using a crossbred sheep weighing 60 kg, following the procedure suggested by Tomich and Sampaio (2004) . The sheep was fed with chopped elephant grass. Samples of the Massai-grass pasture were ground to 2 mm and inserted in 12 × 8 cm nylon bags with 50-µm pore size (NOCEK, 1988) . A CRD with a 6 × 5 factorial arrangement (six incubation times and five deferred plots) was adopted. Incubation times were 6, 24, 48, 60, 84, and 96 h.
In situ dry matter (DM) degradation parameters (a, b, and c) were estimated by the model of Ørskov e Mcdonald. (1979) , modified by Sampaio (1995) , as follows:
in which = maximum degradation potential, = potentially degradable fraction, = = degradation rate, and = time. The effective degradability (ED) of the dry matter was calculated assuming three passage rates (2, 5, and 8% h ; in which A = maximum degradation potential, B = potentially degradable fraction, c = degradation rate, and t = time. The effective degradability (ED) of the dry matter was calculated assuming three passage rates (2, 5, and 8% h ; where a = soluble fraction, b = potentially degradable fraction in rumen, c = degradation rate, and k = passage rate.
Collected data were tabulated according to the treatments, the assumptions of homoscedasticity and normality tested, and analysis of variance was carried out. The means compared by the Duncan test at 5% probability using the PROC GLM function, and regression analysis was performed by the PROC REG function of the statistical program SAS (2002). As the nitrogen levels were increased, fertilization efficiency decreased, resulting in lower production at nitrogen levels greater than 240.72 kg ha -1 . This reduction might be related to the fact that fertilization efficiency is higher with the application of small doses of fertilizer (LANA, 2007) . In addition, pastures subjected to long periods of deferment have lower potential of nitrogen utilization than that in pastures subjected to short deferment periods. This is consistent with the findings of Santos et al. (2009b) that reported a better response in pastures deferred for 73 days than in pastures deferred for 116 days.
Results and Discussion
A significant linear correlation was observed between nitrogen conversion efficiency (NCE) and THB, DHB, and height. Decreased efficiency was reflected as decreased production. Availability of nitrogen in the soil through fertilization is important for forage production, since this nutrient is essential for the production of enzymes that drive the metabolic processes (VITOR et al., 2009) . Alexandrino et al. (2010) reported that N is a constituent of chlorophyll, implying that it directly affects photosynthesis. It can thus be inferred that low nitrogen availability causes a reduction in the plant metabolic rate, owing to reduction in photosynthetic rate, and consequently in productivity. An explanation for the reduction in efficiency of nitrogen fertilization might be that higher lodging in the pastures receiving higher doses of nitrogen, cause greater shading in the basal part, which reduces tillering, and leads to lower production.
There was a positive correlation between THB and DHB, implying that the accumulation of dead herbage increased when total production was high. This result may be explained by the simple fact that the larger production caused by greater nitrogen assimilation increased metabolic rates, which in turn leads to a higher senescence rate. This finding is important for the management of deferred pastures, because increase in nitrogen fertilization without a corresponding increase in the animal stocking rate for consuming the forage, might increase senescence rates, thereby reducing the efficiency of the production system (LOPES et al., 2013) .
Based on the regression analysis, it was inferred that the maximum grass height would have been obtained by a nitrogen fertilization level of 210.16 kg ha -1 . However, in the present study, the reduction in NCE contributed to a decrease in plant growth, leading to shorter tillers along with a low THB.
In the study of Santos et al. (2009a) , no differences were detected in pasture height owing to greater grass lodging. Height is a parameter of great importance in pasture management, as it is a non-destructive tool for the assessment of forage production (LOPES et al., 2011) . LTD was significantly affected by nitrogen levels ( Table 1 ). The control treatment had the lowest LTD, whereas the highest values were obtained by nitrogen fertilization of 100 and 200 kg ha -1 . The lower density obtained with control treatment was related to reduced plant growth caused by the lack of nitrogen. Already, at the nitrogen levels of 300 and 400 kg ha -1 , the grass was highly lodged, thereby blocking the passage of light, which is necessary for the production of new tillers, as also found by Sbrissia e Silva (2008) in Marandu grass.
The chemical composition of Massai grass showed a significant increase in DM, CP, NDF, ADF, and lignin content in response to nitrogen fertilization (Table 2 ). For each kilogram of increment in the nitrogen level, DM, CP, NDF, ADF, and lignin content increased by 0.046%, 0.0084%, 0.0042%, 0.0055%, and 0.0055%, respectively ( Table 2 ).
The increase in dry matter content was associated with increase in fibrous constituents of the cell wall, and reduction of cellular content, owing to the greater proportion of reproductive tillers with longer deference time. Greater presence of the stem fraction owing to secondary thickening with plant maturation increases the concentration of neutral detergent fiber, thereby decreasing the cellular constituents (WILSON, 1993 (WILSON, , 1997 . The linear increase of the protein content was related to the higher availability of nitrogen in the soil, leading to greater assimilation of this nutrient, and higher concentration in the plant tissue (SANTOS et al., 2010) .
The CP content in the nitrogen fertilization treatments of 200, 300, and 400 kg ha -1 were above the minimum content for herbage to be fermented in the rumen, according to Van Soest (1994) . However, recent studies, e.g., Lazzarini et al. (2009) , suggest that CP content below 8% limit fiber degradation in the rumen due to the reduction of cellulolytic bacteria. The increase in NDF and ADF contents might be a consequence of the reduction in NCE, and the high flowering rate of the grass, owing likely to the reduction in metabolism of the grass in an attempt to extend its lifetime. This prevented tissue renewal, causing the cell wall content to keep increasing in order to keep the plant alive during the deferment period. Moreover, long deferment periods allow the plant to complete its reproductive cycle and the appearance of inflorescences (SANTOS et al., 2010) .
Fertilization with high levels of nitrogen, coupled with favorable conditions, can accelerate plant senescence, thus limiting the beneficial effect of nitrogen fertilization on the cell wall components. Consequently, DM digestibility is reduced, as the percentage of cell wall in DM is inversely correlated with the CP content (VITOR et al., 2009 ).
The soluble fraction reduced after nitrogen fertilization of 303.60 kg ha -1 (estimated from the regression equation of THB). This result might be explained by the increased number of reproductive tillers, and the high flowering rate, which resulted in greater NDF and ADF contents.
With increase in nitrogen levels, the potential degradability (PD) of the Massai grass decreased. Control treatment presented a PD of 74.72%, while the treatment with application of 400 kg nitrogen showed a PD of 68.01% (Table 3 ). The rumendegradable fraction was also negatively affected by nitrogen fertilization, with a reduction of 14.43%. The potential degradation (PD) and rumendegradable fraction (B) were reduced due to the increase in plant cell wall fractions (Table 3) . NDF, ADF, and lignin content increased with nitrogen fertilization, which directly affected the degradation rate (c) of the grass. In agreement with the findings of Rodrigues et al. (2004) , an increase fiber in cell wall content prevents the rumen microorganisms from using the energy derived from the forage, because the cell wall stiffening caused by these components creates a barrier that impedes bacterial activity.
Conclusions
We recommend the use of up to 300 kg of nitrogen per hectare for the deferred pastures from April to August, given that higher levels of nitrogen reduce forage production, increase fiber content, and decrease dry matter degradability.
